Successful colonoscopy includes full visualization of the terminal ileum, especially in inflammatory bowel disease when ileal biopsy is essential. In children, higher levels of anxiety and lack of cooperation often necessitate a deeper level of sedation. The aim of this study was to evaluate the effectiveness of propofol compared with midazolam and fentanyl for colonoscopy, and in accomplishing ileal and cecal intubation in particular. This was a retrospective cohort study comparing the rates of successful colonoscopy in patients receiving propofol with those receiving midazolam/ fentanyl. Complete, successful, colonoscopy to the terminal ileum was achieved in 78% of propofol patients compared with 66% of the midazolam/fentanyl group (P 5 0.004). Endoscopy reaching the cecum, but not the terminal ileum, was achieved in 78% of propofol patients and 66% of midazolam/ fentanyl patients. The use of propofol was associated with a statistically significant increase in the rate of successful colonoscopy reaching the terminal ileum.
BACKGROUND
The optimal choice of pharmacological agents and route (s) of drug administration are essential components of nearly every therapeutic pediatric interaction and procedure. 1 One of the numerous procedures children may undergo is colonoscopy. In adults, colonoscopy is usually performed under conscious sedation, during which patients retain purposeful response to verbal or tactile stimuli. In children, higher levels of anxiety and lack of cooperation often necessitate a deeper level of sedation. 2 Successful colonoscopy includes full visualization of the terminal ileum, especially in inflammatory bowel disease 3 when ileal biopsy is essential. 4 Propofol is an ultrashort-acting sedative hypnotic agent with no analgesic properties and having rapid onset, rapid offset, and some antiemetic and amnesic properties. 5 It has quicker onset of sedation and faster time to recovery than benzodiazepines. 6 Its use for sedation of healthy individuals during colonoscopy has led to faster recovery and discharge times, and increased patient satisfaction without any increase in side effects. 7, 8 It has also been reported to be both safe and effective, in high risk and elderly patients undergoing endoscopic procedures. 9 The aim of this study was to evaluate the effectiveness of propofol, used by anesthesiologists, in accomplishing successful colonoscopy, including intubation of the 1 terminal ileum, and to compare these results with our previously used protocol of midazolam and fentanyl.
METHODS
We retrospectively analyzed patients who underwent colonoscopy at the Dana-Dwek Children's Hospital, Tel Aviv Medical Center, between 2000 and 2011. A cohort of patients receiving intravenous midazolam (0.1 mg/kg per dose) and fentanyl (1 mg/kg per dose) administered by the pediatric gastroenterologist between 2000 and 2003 was compared with a group receiving propofol, administered by a pediatric anesthetist from 2004 to 2007 and during 2011. We used data from 2011 to increase the size of our cohort. The same 4 endoscopists, with similar expertise and experience, performed the procedures throughout the study period. Colonoscopy was classified as fully successful when it included full visualization of the terminal ileum, as partially successful when the cecum was reached, and as incomplete if the cecum was not accessed.
Patients were eligible to participate if they were younger than 17 years and had been scheduled for colonoscopy. Exclusion criteria included allergy to propofol, soybeans, or eggs, American Society of Anesthesiology risk class 3 or higher, history of colon or rectal resection, inpatient status, chronic use of opioids or benzodiazepines, sleep apnea, preference for a specific type of sedation, inability to give informed consent, being scheduled for colonoscopy accompanied by upper endoscopy, colonoscopy performed as part of routine follow-up for a known gastrointestinal condition, such as familial adenomatous polyposis, and when colonoscopy was being performed for investigation rectal bleeding.
All patients had continuous cardiopulmonary monitoring throughout the procedure and were observed in the recovery room before being discharged home by a pediatric gastroenterologist when alert and tolerating clear liquids orally.
Ethics
Approval for the study was obtained from the Institutional Review Board of the Tel Aviv Sourasky Medical Center.
Statistical analysis
For continuous variables with normal distribution, t test was used, and the x 2 test for categorical data.
RESULTS
Three hundred ten patients were enrolled in the study. There were no significant differences between the propofol and midazolam and fentanyl groups regarding the indications for colonoscopy (see Table 1 ).
Fully successful colonoscopy, defined as accessing the terminal ileum, was achieved in 48% of propofol patients compared with 22.9% of midazolam and fentanyl patients (P 5 0.004). Partially successful colonoscopy, defined as reaching the cecum, but not the terminal ileum, was achieved in 78% of propofol patients compared with 66% of the midazolam group. When these 2 groups of patients were analyzed together as "successful endoscopies," the propofol group still showed an increased rate of successful colonoscopy (P 5 0.004).
There were no major complications during the study, and no one require tracheal intubation. There were 3 minor complications: 2 propofol patients developed bradycardia, successfully treated with a single dose of atropine, and 1 patient in the midazolam/fentanyl group required flumazenil for agitation ( Table 2 ).
DISCUSSION
We compared the rate of successful colonoscopy in patients receiving propofol sedation with those receiving midazolam/fentanyl and found that the propofol group showed an increase in successful endoscopy (P 5 0.04) with the difference being even more marked when fully successful colonoscopies, with intubation of the terminal ileum, were considered alone. Furthermore, when endoscopies in which intubation of the terminal ileum was not considered mandatory were excluded from the analysis, the rates of fully successful colonoscopy, reaching the terminal ileum increased (P 5 0.004). Pediatric patients undergo colonoscopy as part of the evaluation of gastrointestinal disease, and sedation is required for discomfort and anxiety. When drug combinations such as midazolam/fentanyl are used, limited cooperation and concerns about discomfort may discourage the physician from completing the procedure and from intubating the terminal ileum, an important component of the examination for certain indications (mainly inflammatory bowel disease). An increasing number of pediatric gastroenterologists have been calling for the use of deeper sedation for endoscopic procedures in children because complication rates for both the procedure and the anesthesia have been shown to be minimal. [4] [5] [6] In comparing patients in whom the cecum was reached with those in whom the ileum was visualized, propofol did not have the same positive effect. One possible explanation for this may lie in the fact that although it is considered "mandatory" by endoscopists to reach the cecum, ileoscopy is perceived as a "bonus." This results in the endoscopist making every effort to reach the cecum while avoiding persevering to accomplish ileoscopy to save the anaesthetized child additional discomfort.
Another explanation is that because intubation of the ileum is more difficult and requires more time effort, it is achieved more often when endoscopist can work slowly and calmly knowing that the child is well sedated.
Propofol is frequently used by anesthesiologists for short-term anesthesia, and it is now also being increasingly employed by emergency physicians. 10 It has to be used with caution because it can result in significant cardiovascular depression. 6 The pharmacokinetics of propofol are best described by a 3-compartment mammal model, with a rapidly equilibrant central compartment, a second larger peripheral compartment, and the third very large peripheral compartment. 11 Its pharmacokinetics is altered in children, 12 with increased clearance and larger volumes of distribution relative to adults. In particular, the volume of the central compartment is much greater in children than in adults, with the consequence that children require higher induction and maintenance doses than adults to achieve the same propofol blood concentration. 12 Although this study is retrospective in nature and does utilize an historical cohort of patients, it strongly supports the judicious use of propofol for performing successful pediatric colonoscopy.
